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Hydrometeorologists and others interested in the fre-
quency of extreme values of meteorologic or climatic
quantities—rainfalls, for example—have found their dis-
tribution to be well approximated by a Fisher-Tippett
type I distribution of extreme values [1] (sometimes called
a Gumbel [2] distribution). The nomogram presented
here is based on this distribution and has practical value
in the analysis of extreme-value data and the determina-
tion of values for various return periods.

The Fisher-Tippett type I distribution is given by

P=¢*" 1)

where P is the probability that an extreme value will be
less than X, e is the base of the natural logarithms and y
is a reduced variate defined following equation (5). 1—P
is, therefore, the probability that an extreme value will
equal or exceed X; and the return period T, is the recip-
rocal of this probability, i. e.,

T=1/(1—P) 2

y=—In In(1/P) @)

and

In this case, the general formula, as given by Chow [3],
for frequency analysis can be written,

XT-: X‘i" SzK (4)
where
K=y—9.)/Sx (5)

X=individual item in series of extreme values.

Xr=magnitude of item with return period 7.

X=mean of the extreme values.

S;=standard deviation of the series of extreme values.

Y Sp=mean and standard deviation of the reduced
variate y for the particular sample size n.

y=reduced variate= (X—u)(S,/S).

u=mode of extreme values=X—8,(7,./S.).

The values of ¥, and S,, used in the construction of the
graph are shown in table 1. These values are calculated
from equation (3), setting P=m/(n-}1), where m=1, 2,
3, ....n

TaBLe 1.—Computed values of . and S, for selected years of record n

n 10 15 20 30 40 60 100 @
om0 0.4967 | 0.5128 | 0.5236 | 0.5362 | 0.5436 | 0.5521 | 0.5600 | 0.5772
S e e .9673 | 1.0206 | 1.0628 | 1.1124 | 1.1413 | 1.1747 | 1.2065 | 1.2826

The values of the reduced variate, y, for particular
values of 7', calculated from equations (2) and (3) and
used in constructing the graph are shown in table 2, and
the values of K calculated from equation (5) and the values
in tables 1 and 2, are shown in table 3. Tables 1, 2, and 3
are similar to previously published ones [3, 4] but are
extended to lower values of n.

TaBLE 2.—Computed values of y for selected return periods T (years)

T ' 2 5 10 25 50 100

1. 4999 2.2504 3.1986 3. 9019 4. 6002

TaBLE 3.—Computed values of K for selected years of record n, and
return periods, 'T

T
10 15 20 30 40 60 100

—. 1479 | -.1525 | —. 1562 | —,1680 | —.1604

. 9186 .8 . 8379 . 8068 7790

1.6247 | 1.5410 | 1.4955 | 1.4457 | 1.4010

2.5169 | 2.3034 | 2.3263 | 2.2520 | 2.1860

3.1786 | 3.0256 | 2.9426 { 2.8516 | 27609

3.8357 | 3.6534 | 3.5544 | 3.4461 | 3.348

The relationship given in equation (4) can be put in
graph form as shown in figure 1. The nomogram is used
in the following way: When the mean and standard devi-

" ation of a series of extreme values have been computed,

the graph is entered at the desired return period 7, thence
horizontally to the right to the line of the number of items
in the series, thence downward to the line of the standard
deviation, thence horizontally to the right to the scale
marked D. The value of D read there is added to the
mean, X, to give the value for the required return period
T. The graph can be read to within about one percent
of the values computed in the usual way.
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Ficure 1.—Nomogram to determine D, the amount to be added to the mean of the series of extreme values to get the value for any
return period 7. The S, and D scales are relative, i. e., for 8;=4.00 use the line labeled .40 and multiply the D value obtained
by 10, ete.
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Example: Given the mean value of 3.0 and standard Cambridge Philosophical Society, vol. 24, part 2, 1928,
deviation of .50 for the series of 40 extremes, required to pp. 180-190.
determine the value that will be equalled or exceeded on 2. U. S. Department of Commerce, National Bureau of
the average once in 10 years (i. e., will have a return Standards, “Probability Tables for the Analysis of
period of 10 years). Enter left of diagram at 7T=10, Extreme-Value Data,” Applied Mathematics Series
move horizontally to line n=40, thence downward to line 22, July 6, 1953.
Sz=.50, thence horizontally to the right to secale D to 3. Ven Te Chow, “The Log-Probability Law and Its En-
read .75, which added to 3.0 gives the answer 3.75. gineering Applications,” American Society of Civil
REFERENCES Engineers, Proceedings Separate No. 536, vol. 80,

November 1954.
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